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Effects of long-term consumption of broccoli sprouts on inflammatory
Nowadays there is an increasing demand by consumers on healthy food products 46 prepared in convenient forms, simple to use and not containing additives. In this sense, 47 broccoli sprouts (Brassica oleraceae var. italica) are a good option, as they are the main 48 dietary source of glucosinolates, nitrogen-sulfur compounds, and phenolic derivatives 49 (flavonoid glycosides, and hydroxycinnamic acids), vitamins A, C, E, K and minerals 50 [1] . Glucosinolates are derivatives from amino acids and particularly abundant in 51
Brassica species and are believed to be responsible of the biological effects attributed to 52 these vegetables. Cultivar conditions can affect and improve the biosynthesis of these 53 secondary metabolites in the plant, favouring their storage in the sprouts. Broccoli 54 sprouts contain 10-to 50-fold higher concentrations of glucosinolates than the mature 55 broccoli [2] . 56
Isothiocyanates are degradation products from glucosinolates formed by the hydrolytic 57 action of myrosinase vegetable enzyme when the vegetable structure is crushed, e.g. 58 during mastication process. Hydrolysis can also be performed by gastrointestinal 59 enzymes during digestion; the metabolic conversion of glucosinolates to isothiocyanates 60 is a crucial step for the benefits observed with the consumption of Brassica vegetables 61 [3] . Most of these reported effects are linked to anti-cancer properties and 62 epidemiological studies have evidenced a decrease in the risk of cancer with the intake 63 of cruciferous foods [4, 5] . Human clinical studies have mainly focused on these 64 antitumoral activities, with mechanisms including the upregulation of phase II 65 detoxification enzymes, as well as the direct action on cell cycle, causing apoptosis of 66 cancer cells [6] [7] . There is less evidence on the anti-inflammatory properties of 67 cruciferous vegetables in humans.
M A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT
A non-communicable disease of high prevalence in Western societies is obesity. 69
Nowadays it is assumed that obesity is a condition characterized by a chronic low-grade 70 M A N U S C R I P T
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signed the written-informed consent. The inclusion criteria were: BMI within the 94 overweight range according to the World Health Organization criteria (24.9-29.9 95 kg/m 2 ), aged 35-55 years, taking no vitamins, supplements or medication during the 96 previous two months; no-smoking. The exclusion criteria were: diagnosed diseases as 97 hypertension and cardiovascular pathologies, diabetes, hepatic, gastrointestinal and 98 renal diseases, as well as the intake of drugs related to these pathologies, vegetarian 99 diet, pregnancy or breastfeeding. Dietetic and life style habits were recorded from all 100 participants. 101
There were no drop-outs during the whole period of study and no adverse effects were 102 reported due to the broccoli sprout ingestion. Physical parameters of the volunteer at the 103 beginning of the study are listed in Table 1 . 104
One week before the beginning of the intervention period, subjects were asked to avoid 105 the consumption of Brassica vegetables (broccoli, radish, cauliflower, Brussel sprouts, 106 mustards, among others) and their derived products, and to follow a well-balanced diet 107 (based on Mediterranean diet), with no other food restriction criteria. These dietary 108 instructions were maintained during the entire period of study. Besides, they were 109 requested to record any sign of adverse effect, illness or deviation of the experimental 110 diet. The subjects maintained their usual lifestyles during the study. 111
On the first day, participants were given the portions of fresh broccoli sprouts to be 112 taken for the whole week (7 trays of broccoli sprouts of 30 g each) and each week they 113 had an appointment to provide them the fresh products. The intervention consisted on a 114 10-week period which included daily consumption of a portion (30 g) of raw, fresh 115 broccoli sprouts. This amount is consistent with a half-serving [11] . Subjects were 116 instructed to ingest 1 tray per day and to keep the trays refrigerated (4º C) at home. The 117 intake of the broccoli sprouts was included in their normal daily diet and no specificM A N U S C R I P T A C C E P T E D ACCEPTED MANUSCRIPT time of consumption was established, with the only limitation of avoid cooking of the 119 sprouts and to consume them fresh. Cooking procedures can affect the content of 120 glucosinolates as well as their bioavailability [12, 13] and therefore some recipes were 121 provided to the participants to facilitate the intake of the sprouts without affecting the 122 phytochemical composition and absorption. We gave instructions to the volunteer of not 123 cooking broccoli sprouts but of consuming them in raw manner. They included the 124 sprouts in vegetable salads, cold pasta salads or in cold sandwiches with different 125 combinations of the following ingredients: cheese, ham, tomato, lettuce, grilled pork or 126 grilled vegetables (in both cases the sprouts should be added after the grill and once the 127 ingredient was lukewarm). It could also be included in burgers, as the "Californian 128 style burger", which ingredients are broccoli sprouts, bacon, avocado, tomato, burger 129 and bread. Other recipes include elaboration of "Gazpacho" (Spanish cold soup made  130 with vegetables as tomato, cucumber, green pepper, onion, oil, vinegar and salt), or 131 mixed with smashed potatoes with melted cheese, or mixed with bread and spreadable 132 cheese. In all cases it was important to use in cold or warm temperatures so that the 133 glucosinolates were preserved. 134
After the intervention period, a follow-up recovery period for all subjects continued for 135 other 90 days with no ingestion of broccoli sprouts. 136
Fasting blood samples and 24-h urine samples were taken on day 0 (D0: just before 137 starting the intervention), day70 (D70: end of intervention period), day 90 (D90: 20 138 days after end of intervention) and 160 (D160: 90 days after end of intervention). Blood 139 samples were collected from each subject by venipuncture from the antecubital vein; 3 140 mL were placed in heparin tubes and centrifuged at 10000 rpm for 10 min at 4ºC. 141 to increase up to 2-fold levels the production of bioactive compounds, according to a 152 protocol previously validated [10] . In that study we performed some tests on elicitation 153
and seed priming to enrich the broccoli sprouts in glucosinolates. We used the elicitor 154 methyl jasmonate (MeJA) by priming the seeds as well as by spraying daily over the 155 cotyledons from day 4 to 7 of germination. We observed that MeJA at concentrations of 156 250 µM act as stressor in the plant and enhances the biosynthesis of the phytochemicals 157 glucosinolates. Compared to control plants without MeJA treatment, the content of 158 compounds as the aliphatic glucosinolate glucoraphanin was enhanced up to a 70 % and 159 similar increases were observed with glucoiberin or glucobrassicin. In this way, we 160 improved the content of these health-promoting compounds. Other nutritional facts did 161 not change with these treatments. 162
Three trays of sprouts were collected once a week during the study, frozen and 163 lyophilized prior to analysis on glucosinolates and isothiocyanates, as previously 164 described [2] . The phytochemicals (glucosinolates) provided by the broccoli sprouts are 165 summarized in Table 2 .M A N U S C R I P T
Markers of inflammation as IL-6, C-reactive protein, IL-1β and TNF-α in plasma were 168 determined in our laboratory using high-sensitivity ELISA kits. ichroma TM hsCRP kits 169 were purchased from Boditech Meed Inc.'s. Human IL-6 ELISA high sensitivity kits 170 were from BioVendor. Human IL-1β high sensitivity ELISA kits and human TNF-α 171 high sensitivity ELISA kits were acquired from IBL International GmbH Instrumental. 172 
Analysis of glucosinolates and isothiocyanates in urine and
Biological effects of broccoli sprout on markers of inflammation and body composition 228
Baseline characteristics of volunteer are described in Table 1 These results did not substantially change when we repeated the regression models 255 adjusting for age and sex. TNFα and IL-1β were detected in a small number of samples 256 and most of them below the limit of quantification, hence no valid conclusions can be 257 inferred and data have not been considered for statistical purposes. 258
Bioavailability and metabolism of glucosinolates and isothiocyanates 259
Some glucosinolates and isothiocyanates, as glucoraphanin, glucoiberin, iberin, 260 glucoerucin, erucin and glucobrassicin were absent in the urine samples. Indole-3-261 carbinol was detected only after broccoli ingestion in low quantities and in 50 % of 262 samples. In contrast, the metabolite 3,3'-diindolylmethane (3,3-DIM) was detected and 263 quantified in all volunteers and for statistical purposes it was treated as a continuous 264 variable. It increased significantly during broccoli ingestion (ratio = 1.947, P-value < 265 0.00001). Shortly in the follow-up period, levels returned to baseline conditions (PM A N U S C R I P T
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Metabolites from sulphoraphane pathway are present in 24 h-urine samples (Table 3) The decrease in IL-6 levels was significantly related to the increase in 24 h-urine SFN 289 levels (p=0.03319). In case of C-reactive protein, the decrease was significantly related 290 to the increases in 24 h-urine SFN-NAC (p=0.04783) and SFN-CYS (p=0.04116). Clinical studies on human participants on the anti-inflammatory properties of Brassica 306 products are scarce. Our research group has previously described a significant decrease 307 on markers of inflammatory processes, as the metabolites tetranor-PGEM (from 308 prostaglandins E 1 and E 2 ) and 11 β-PGF2α (from prostaglandin D2) after consumption 309 of a single portion of broccoli sprouts [20] . Other authors have reported decreases on C-310 reactive protein levels by 48 % after 10-day broccoli intake (250 g/day) in smokers, 311 confirming our results; however, no changes on IL-6 levels were detected [21] . 312
Decreases in IL-6 and C-reactive protein were also observed after 14 days of 313 cruciferous consumption [22] , but the amounts used (7g/kg body weight, 14 g/kg body 314 weight) far exceeded those of our experiment. M A N U S C R I P T M A N U S C R I P T 
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